INTRODUCTION
============

Retaining skeletal muscle mass is one of the important health issues for proper physical function and metabolic balance in the elderly \[[@B1][@B2]\]. Even in young populations, skeletal muscle mass is related to disease susceptibility and affects metabolic responses to medical or diet therapies under disease conditions \[[@B3][@B4][@B5][@B6][@B7][@B8]\]. Bone and skeletal muscle mass and strength peak in early adulthood before declining in elderly \[[@B9][@B10]\]. Thus, skeletal muscle mass needs to be preserved by both attenuating loss and gaining mass in early adulthood. Hence, assessing changes in skeletal muscle mass, rather than the prevalence of sarcopenia, a substantial loss of skeletal muscle, is a more practical approach to ascertain the factors affecting skeletal muscle mass.

Diet is a major factor affecting skeletal muscle mass \[[@B2][@B6][@B11]\]. However, interpreting the relationship between nutrient intake and skeletal muscle mass is somewhat complex because most studies involve subjects with metabolic dysfunction, which confounds changes in nutritional status or skeletal muscle mass. For example, the prevalence of sarcopenia was higher in overweight or obese subjects whose average body mass index (BMI) was up to 37 kg/m^2^, and was positively correlated to changes in fat-free mass \[[@B12][@B13][@B14]\]. High protein intake increased lean body mass and reduced insulin resistance \[[@B15]\]; however, other study showed an association between high protein intake and an increased prevalence of diabetes \[[@B16]\], leading to the disintegration of skeletal muscle. Our recent study reported a positive correlation between skeletal muscle mass and energy consumption. However, the composition of single macronutrients had a very weak or no association with skeletal muscle mass \[[@B17]\].

Conducting studies of single foods or nutrients in relation to disease prevalence has been problematic due to the high degree of correlation among dietary constituents. In this situation, isolating the particular effects of a single food or nutrient becomes a serious methodological problem. Moreover, foods and nutrients are more likely to act in synergy rather than in a simple additive fashion \[[@B18][@B19]\] and they often have interactive and cumulative effects as part of a whole diet. Thus, it is relevant to investigate overall dietary patterns to explain the effects of nutrition on health. In recent decades, many studies have utilized dietary pattern analysis to investigate the relationship with health outcomes \[[@B20][@B21][@B22]\]. Of many approaches to explore dietary patterns, factor analysis is a variable-merging method used to reduce the number of variables on food intake data to describe the major sources of variation in the diets of study populations. For instance, energy-dense and nutrient-poor diets were inversely associated with bone health \[[@B23]\] while vegetable and fruit consumption was associated with cancer incidence \[[@B20][@B24]\]. Though the importance of adequate muscle mass in health outcome is relatively well-established, the association of diet pattern with skeletal muscle mass has been rarely reported \[[@B25][@B26]\]. Also, the accumulation trend of skeletal muscle mass and anthropometric condition differs between sexes \[[@B27][@B28][@B29]\]. Several recent studies demonstrated a sex difference in factors affecting skeletal muscle mass \[[@B17][@B30]\]; therefore, changes in skeletal muscle mass in response to certain dietary patterns will differ by sex.

Therefore, we performed factor analysis to identify dietary patterns in Korea National Health and Nutrition Examination Surveys (KNHANES) participants. We then investigated if certain dietary patterns are related to changes in skeletal muscle mass and if this relationship differs by sex.

MATERIALS AND METHODS
=====================

Study subjects
--------------

Data were extracted from the KNHANES, a nationwide survey directed by the Korean Centers for Disease Control and Prevention (KCDC) in the Ministry of Health and Welfare to investigate the health status of the Korean population. By combining data of four years from the KNHANES 2008, 2009, 2010, and 2011, a total of 37,753 subjects were identified. At the first screening, 22,793 subjects aged 30 years or older and had complete demographic data were selected ([Figure 1](#F1){ref-type="fig"}). Subjects aged between 20 to 30 years were excluded to avoid changes in muscle mass of subjects who were still in the growth period. Subjects were excluded for missing dual-energy X-ray absorptiometry (DXA) (n = 6,617), BMI (n = 135), biochemical parameters (n = 749), or dietary record (n = 1,720) data. In addition, subjects with on-going medication (n = 735), whose dietary record differed from that of a usual diet as reported on the questionnaire (n = 2,646), and whose total energy intake was lower than the resting energy expenditure (n = 206) or higher (\> 1.5-fold) than recommended dietary allowance set by Korean dietary reference intake \[[@B31]\] (n = 913) were excluded. This study finally analyzed data from 9,072 subjects, consisting of 3,805 men and 5,267 women. The protocols conducted by the KNHANES were permitted by the Institutional Review Board (IRB) of the KCDC (IRB No. 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21, and 2011-02CON-06-C).

![Flow diagram of subject inclusion and exclusion.\
KNHANES, Korea National Health and Nutrition Examination Surveys; DXA, dual-energy X-ray absorptiometry; BMI, body mass index; REE, resting energy expenditure; KDRI, Korean dietary reference intake.](cnr-8-1-g001){#F1}

Assessment of lean body mass and calculation of skeletal muscle index
---------------------------------------------------------------------

To assess lean body mass, whole-body DXA scans were performed using a fan-beam densitometer (Discovery-W; Hologic Inc., Bedford, MA, USA). The accuracy of the DXA calibration in the KNHANES was reported in earlier studies \[[@B30][@B32]\]. Appendicular lean body mass (ALM) was determined by combining the lean body masses of both arms and legs. In this study, we used the skeletal muscle mass index (SMI) to estimate the skeletal muscle mass relative to BMI. The calculation of SMI complied with the Foundation for the National Institutes of Health, as previously reported \[[@B17][@B33]\]. Briefly, the equation for calculating SMI was as follows:

SMI (%) = Total ALM (kg)/Body weight (kg) × 100

Collection of diet records and data preparation for factor analysis
-------------------------------------------------------------------

Dietary data were collected by a 24-hour recall to assess food and nutrient intake. To identify dietary patterns by factor analysis, the recorded food items were categorized into 21 food groups based on secondary food variables according to the KNHANES guidelines \[[@B32]\]. Grain products were divided into rice and whole grains. The vegetable group was divided into vegetables including mushrooms and kimchi (traditional fermented salted vegetables). Kimchi was presented as a single group because this traditional side dish is frequently eaten by Koreans but has high sodium levels, unlike other vegetables. The fish group included squid and shellfish such as clams and shrimp. Meat was divided into processed or red meat, beverages were divided into alcoholic or non-alcoholic, and the oil was divided into animal fat and plant oil. The frequency of alcohol consumption was categorized according to the number of servings per day; high (≥ 2 servings/day for men and ≥ 1.5 servings/day for women) or low (\< 2 servings/day for men and \< 1.5 servings/day for women). Energy intake from alcohol was calculated as previously reported \[[@B17]\].

Measurement and assessment of other covariates
----------------------------------------------

Household income was reported as quartile of average household monthly net income in the KNHANES as low, low-middle, middle-high, or high. Education was categorized as less than or above high school. Smoking status was incorporated in the analysis and participants who reported to have ever smoked more than five packs of cigarettes during their lifetime were classified "smoker," while those who reported no history of smoking were coded as "non-smoker." Physical activity was classified and 'active' or 'non-active.' Participants who met the criteria for mild strength physical activity for a minimum of 30 minutes at a time for more than five days per week were considered "active"; otherwise, participants were classified as "non-active." The biochemical variables reported in this study, including total cholesterol, total triglyceride, and fasting plasma glucose levels, were obtained through a chemistry analyzer (Hitachi 7600; Hitachi, Tokyo, Japan) and the accuracy of measurement was reported by the KCDC \[[@B32]\].

Statistical analysis
--------------------

SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all statistical analysis in this study. Dietary patterns were identified by principal component analysis, one of the main approaches in factor analysis \[[@B20][@B34]\]. The number of dietary patterns was determined based on Eigenvalues \> 1.0, a breakpoint of the scree plot, and interpretability of the principal components. The Varimax rotation function was used to obtain a simpler correlation matrix. The factor scores for each dietary pattern were then computed by summing the amount of food a subject consumed and the standardized factor scores for each designated food group. Items were loaded on a factor when the absolute value of the correlation was higher than 0.20. Inter-item reliability for each factor was assessed by Cronbach\'s alpha coefficients. Labeling of each factor followed the combination of food groups where the highest value was obtained in Cronbach\'s coefficient alpha within the factor. The SMI values of all subjects were log-transformed for regression analysis. The data of continuous variables were presented as means with standard errors and categorical variables as frequencies with percentages.

Multivariable linear regression analyses were performed to investigate the relationship between dietary patterns and SMI. After initial screening of the valid dietary patterns that were significantly associated with SMI after adjusting for age and BMI, the factor scores of the selected dietary patterns were stratified by quartile scales. The subjects were then categorized and compared according to the quartiles of factor scores. Analysis of variance (ANOVA) was performed to estimate the differences in continuous variables among the quartiles of factor scores. Differences in the frequencies of the categorical variables were assessed by Rao-Scott chi-square tests without adjustment. Weighting was performed for all analyses and subgroups of interest were analyzed within assigned domain codes. Then the first multivariable linear regression model was further adjusted. Before adjusting for the variables in the regression model, the collinearity among variables was tested as previously described \[[@B17]\]. Using the linear regression model beta coefficient, the 95% confidence intervals (CIs) for SMI according to the quartiles of dietary pattern factor scores were estimated by setting the lowest quartile as reference. All analyses were performed separately by sex. The significance of the data was defined as p \< 0.05.

RESULTS
=======

Dietary patterns identified by principal components factor analysis
-------------------------------------------------------------------

The general characteristics of all study subjects are described in [Supplementary Table 1](#S1){ref-type="supplementary-material"}. From all study subjects, three primary dietary patterns were identified by factor analysis ([Table 1](#T1){ref-type="table"}). These three factors explained 21.0% of the total variance in food intake amount. The first factor demonstrated the highest factor loadings for vegetables, fish, and seasonings. This dietary pattern was the first factor, with similar factor loadings even in the separate analyses for men and women ([Supplementary Tables 2](#S2){ref-type="supplementary-material"} and [3](#S3){ref-type="supplementary-material"}). The main food groups in the second factor were flour, eggs, and meat. The third factor was mainly comprised of rice and kimchi. We defined the first factor as "Vegetables and Fish (VF)"; the second as "Flour, Eggs, and Meat (FEM)"; and the third as "Rice and Kimchi (RK)." The variances explained by these factors were 9.0%, 6.0% and 6.0% for VF, FEM, and RK, respectively. While the VF pattern showed positive factor loadings for the main food groups, the FEM and RK patterns both demonstrated large (less than −0.3) negative factor loadings for the whole-grain and potato groups and FEM further revealed negative factor loadings for the milk, flour, and fruit groups ([Table 1](#T1){ref-type="table"}).

###### Dietary patterns with factor loadings^\*^ derived from the amount of food intake

![](cnr-8-1-i001)

  Food or food groups                     Dietary patterns           
  --------------------------------------- ------------------ ------- -------
  White rice                                                         0.47
  Kimchi                                                             0.22
  Seaweed                                                            
  Sugar beverage                                             0.22    
  Meat                                                       0.24    
  Vegetables                              0.40^\*^                   
  Seasonings                              0.36                       
  Fish                                    0.29                       
  Plant oil                               0.20               0.29    
  Etc. (animal)                                                      
  Alcohol                                                    0.20    
  Etc. (plant)                                                       
  Whole grains                            0.22               −0.31   −0.30
  Fruits                                                             −0.21
  Beans                                   0.20                       
  Milk                                                               −0.30
  Nuts                                                               
  Potato                                                     −0.20   −0.28
  Beverage                                                           
  Animal oil                                                         
  Egg                                                        0.25    
  Flour                                                      0.34    −0.25
  Variance of food intake explained (%)   9.0                15.0    21.0

VF, vegetables and fish; FEM, flour, eggs and meat; RK, rice and kimchi.

^\*^Factor loading scores below ± 0.20 are not shown; ^†^Labeling of each factor follows the combination of food groups where highest values obtained in Cronbach\'s coefficient alpha within the factor.

Screening of regression coefficients for dietary pattern scores on skeletal muscle mass
---------------------------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows the degrees of simple linear associations between the dietary pattern scores and skeletal muscle mass as SMI values. In both men and women, all three dietary pattern scores were significantly associated with skeletal muscle mass. However, the associations of skeletal muscle mass with the FEM or RK patterns disappeared after adjustment of the regression model for age and BMI in both men and women. The association between VF pattern and skeletal muscle mass remained after adjusting for age and BMI in both men (β = 0.5224; 95% CI, 0.3533--0.6915) and women (β = 0.2799; 95% CI, 0.0856--0.4743).

###### Regression coefficients for dietary pattern scores on skeletal muscle mass

![](cnr-8-1-i002)

  Patterns derived by food intake amount   Men        Women                                                               
  ---------------------------------------- ---------- --------------------------- ---------- ---------------------------- ----------
  VF                                                                                                                      
                                           Model I    0.6217 (0.4455, 0.7980)     \<0.0001   0.4055 (0.1727, 0.6383)      0.0007
                                           Model II   0.5224 (0.3533, 0.6915)     \<0.0001   0.2799 (0.0856, 0.4743)      0.0048
  FEM                                                                                                                     
                                           Model I    0.7037 (0.5346, 0.8729)     \<0.0001   0.7240 (0.5104, 0.9377)      \<0.0001
                                           Model II   0.0745 (−0.0867, 0.2357)    0.3643     −0.0736 (−0.2741, 0.1269)    0.4713
  RK                                                                                                                      
                                           Model I    −0.1960 (−0.3941, 0.0020)   0.0524     −0.7209 (−0.9021, −0.5397)   \<0.0001
                                           Model II   0.0246 (−0.1526, 0.2019)    0.7851     −0.0369 (−0.1986, 0.1248)    0.6538

Beta coefficient with 95% CI was shown.

VF, vegetables and fish; FEM, flour, eggs and meat; RK, rice and kimchi; CI, confidence interval.

^\*^β (95% CI) was estimated by using a linear-mixed regression analysis without adjustment (Model I) or with adjustment for age and BMI (Model II).

Justification of the VF pattern by the amount of food intake
------------------------------------------------------------

Since the VF pattern was the only pattern common in both sexes and the VF pattern scores derived from food intake was significantly associated with skeletal muscle mass, we further categorized the study subjects by the quartile scale of the VF pattern scores derived from the amount of food intake. As shown in [Table 3](#T3){ref-type="table"}, we initially justified the VF pattern by assessing the intake amount of each food group according to VF quartiles. As expected, the intake amount of vegetables and fish (VF) increased up to 4.3- and 6.7-fold in men and 5.2- and 5.7-fold in women, respectively, with increasing VF quartile, indicating that those main food groups were well-fitted to the VF pattern. The intake amounts of other minor food groups in the VF pattern including white rice, whole grains, potatoes, beans, nuts, kimchi, seaweed, fruits, plant oil, and seasonings gradually increased while those of the flour group gradually decreased with increasing VF quartile in men and women (p \< 0.0001). These data suggest that subjects with high scores in the VF pattern tended to have healthy diets. However, except for seasonings, the fold-changes of intake amounts of those food groups were not as high as those for vegetable or fish intake. When the intake amounts of these foods were computed as percent energy intake, the change in the intake amounts of the main food groups of the VF pattern was proportional to the increase in VF quartile ([Supplementary Table 4](#S4){ref-type="supplementary-material"}). These data suggest that the VF pattern derived from food intake amount is a valid dietary pattern for the subjects in this study and that the VF pattern scores acted in accordance with the percent energy intake as well as the food intake amount of the subjects.

###### Average intake amount (g) of each food group according to the quartile of vegetables and fish pattern scores

![](cnr-8-1-i003)

  Groups        Q1                 Q2                 Q3                  Q4                  p                   
  ------------- ------------------ ------------------ ------------------- ------------------- ------------------- ---------------
  Men (No.)     951                952                950                 952                                     
                White rice         212.88 ± 3.67      248.84 ± 4.46       254.07 ± 4.21       271.64 ± 4.63       \< 0.0001
                Whole grains       15.57 ± 0.93       24.39 ± 1.37        30.31 ± 1.67        43.56 ± 3.06        \< 0.0001
                Flour              101.42 ± 5.27      80.13 ± 5.07        65.32 ± 4.05        60.64 ± 3.40        \< 0.0001
                Potato             13.40 ± 1.52       28.36 ± 2.51        32.73 ± 3.17        51.55 ± 4.61        \< 0.0001
                Beans              19.84 ± 1.52       36.30 ± 2.35        49.54 ± 2.79        71.87 ± 4.19        \< 0.0001
                Nuts               1.21 ± 0.19        1.93 ± 0.24         3.87 ± 0.42         7.76 ± 1.47         \< 0.0001
                Vegetables         **86.32 ± 2.70**   **160.33 ± 3.57**   **232.81 ± 4.54**   **374.85 ± 8.67**   **\< 0.0001**
                Kimchi             145.99 ± 4.29      166.51 ± 5.56       169.60 ± 5.55       190.16 ± 6.07       \< 0.0001
                Seaweed            2.84 ± 0.21        3.85 ± 0.28         5.68 ± 0.48         11.06 ± 1.06        \< 0.0001
                Fruit              85.91 ± 9.96       147.39 ± 9.49       184.01 ± 12.61      197.91 ± 12.81      \< 0.0001
                Fish               **18.81 ± 1.19**   **39.83 ± 1.59**    **69.57 ± 2.93**    **125.32 ± 5.34**   **\< 0.0001**
                Meat               85.05 ± 5.91       79.49 ± 4.51        82.54 ± 4.49        92.33 ± 4.44        0.1789
                Egg                23.29 ± 1.97       18.82 ± 1.36        22.80 ± 1.57        24.92 ± 1.63        0.0103
                Milk               65.45 ± 5.74       53.93 ± 5.10        61.96 ± 5.17        61.46 ± 7.49        0.4466
                Plant oil          3.63 ± 0.24        6.25 ± 0.27         9.16 ± 0.33         14.51 ± 0.50        \< 0.0001
                Animal oil         0.32 ± 0.11        0.05 ± 0.02         0.06 ± 0.02         0.05 ± 0.02         0.0569
                Beverage           24.05 ± 9.35       20.59 ± 3.32        27.15 ± 5.07        42.24 ± 5.84        0.0137
                Sugar beverage     57.48 ± 7.14       43.42 ± 4.23        49.07 ± 4.69        47.26 ± 4.23        0.5194
                Alcohol            1.78 ± 0.02        1.76 ± 0.02         1.77 ± 0.02         1.77 ± 0.02         0.7762
                Seasonings         **15.49 ± 0.54**   **26.81 ± 0.63**    **41.30 ± 0.99**    **70.31 ± 1.77**    **\< 0.0001**
                Etc. (plant)       3.06 ± 1.22        0.42 ± 0.14         0.46 ± 0.18         0.49 ± 0.36         \< 0.0001
                Etc. (animal)      0.22 ± 0.13        0.00 ± 0.00         0.14 ± 0.10         0.01 ± 0.00         0.1601
                VF pattern score   −0.0232 ± 0.0004   −0.0062 ± 0.0002    0.0093 ± 0.0002     0.0396 ± 0.0008     \< 0.0001
  Women (No.)   1,317              1,317              1,317               1,316                                   
                White rice         166.83 ± 2.62      201.41 ± 3.27       206.82 ± 3.40       212.85 ± 3.80       \< 0.0001
                Whole grains       15.42 ± 0.76       20.69 ± 0.96        28.95 ± 1.38        53.03 ± 3.16        \< 0.0001
                Flour              75.07 ± 3.49       53.52 ± 2.92        50.74 ± 2.80        45.42 ± 2.33        \< 0.0001
                Potato             13.08 ± 1.06       27.66 ± 2.09        40.45 ± 3.33        67.22 ± 4.57        \< 0.0001
                Beans              13.20 ± 0.82       22.84 ± 1.35        37.32 ± 1.79        58.75 ± 3.44        \< 0.0001
                Nuts               1.09 ± 0.11        2.02 ± 0.20         3.52 ± 0.44         6.49 ± 0.65         \< 0.0001
                Vegetables         **62.97 ± 1.77**   **122.82 ± 2.54**   **181.22 ± 3.34**   **325.37 ± 7.63**   **\< 0.0001**
                Kimchi             107.54 ± 3.64      123.76 ± 3.52       130.16 ± 3.83       134.91 ± 4.31       \< 0.0001
                Seaweed            2.59 ± 0.17        3.93 ± 0.30         5.57 ± 0.42         10.44 ± 0.90        \< 0.0001
                Fruit              112.38 ± 6.49      179.1 ± 8.14        231.75 ± 12.45      255.41 ± 10.93      \< 0.0001
                Fish               **13.54 ± 0.77**   **28.21 ± 1.26**    **41.60 ± 1.78**    **77.78 ± 3.22**    **\< 0.0001**
                Meat               55.18 ± 4.34       58.17 ± 3.66        57.99 ± 3.09        53.62 ± 2.62        0.6935
                Egg                14.97 ± 0.84       14.67 ± 0.86        17.69 ± 1.14        20.10 ± 1.23        0.002
                Milk               76.18 ± 4.95       67.47 ± 4.46        61.16 ± 4.26        70.36 ± 4.13        0.1606
                Plant oil          2.22 ± 0.11        4.12 ± 0.15         5.92 ± 0.24         8.70 ± 0.30         \< 0.0001
                Animal oil         0.15 ± 0.03        0.08 ± 0.03         0.05 ± 0.01         0.04 ± 0.01         0.0036
                Beverage           18.87 ± 2.97       23.98 ± 3.32        36.16 ± 8.19        37.97 ± 4.79        0.006
                Sugar beverage     38.34 ± 3.64       28.58 ± 2.47        33.05 ± 2.62        26.85 ± 2.51        0.0405
                Alcohol            1.94 ± 0.01        1.96 ± 0.01         1.96 ± 0.01         1.96 ± 0.01         0.3965
                Seasonings         **10.65 ± 0.34**   **18.50 ± 0.42**    **28.18 ± 0.61**    **51.21 ± 1.72**    **\< 0.0001**
                Etc. (plant)       3.06 ± 0.96        0.25 ± 0.09         0.18 ± 0.04         0.49 ± 0.25         \< 0.0001
                Etc. (animal)      0.19 ± 0.10        0.01 ± 0.01         0.01 ± 0.01         0.04 ± 0.03         0.2406
                VF pattern score   −0.0277 ± 0.0002   −0.0145 ± 0.0001    −0.0026 ± 0.0001    0.0235 ± 0.0007     \< 0.0001

Values are presented as mean ± standard error. For men, Q1: factor score \< −0.0135, Q2: −0.0135 ≤ factor score \< 0.0009, Q3: 0.0009 ≤ factor score \< 0.0187, and Q4: 0.0187 ≤ factor score; for women, Q1: factor score \< −0.0199, Q2: −0.0199 ≤ factor score \< −0.0093, Q3: −0.0093 ≤ factor score \< 0.0052, and −Q4: 0.0052 ≤ factor score. The p values are from analysis of variance for assessing the trend of difference among quartiles. Bold letters: Intake amount of foods which compose main food groups in VF pattern.

VF, vegetables and fish.

Characteristics of subjects by quartiles of VF pattern scores
-------------------------------------------------------------

We further categorized the health-related parameters of the subjects according to VF quartiles. As shown in [Table 4](#T4){ref-type="table"}, the mean age of the study subjects decreased as with increasing VF quartile in both men and women. Many aged subjects were in the lowest VF quartile and the proportion of aged subjects (≥ 50 years) declined as the VF quartile increased (p \< 0.0001). Men and women with high VF pattern scores had higher household incomes and were more likely to have a higher education status (p \< 0.0001). The distribution of physically active subjects did not differ among the VF quartiles in both men and women. The ratio of smokers in each quartile did not differ significantly among quartiles in men; however, women in the lowest VF quartile tended to be current smokers (p \< 0.0001). The ratios of subjects who drank more than 1--2 servings of alcohol per day did not differ significantly across the quartiles of SMI in both men and women.

###### Characteristics of demographic and life style variables according to the quartile of vegetables and fish pattern scores

![](cnr-8-1-i004)

  Groups        Q1                   Q2                    Q3             Q4             p                             
  ------------- -------------------- --------------------- -------------- -------------- -------------- -------------- -----------
  Men (No.)     951                  952                   950            952                                          
                Age                  53.1 ± 0.6            51.8 ± 0.5     49.7 ± 0.5     49.1 ± 0.5     \< 0.0001      
                                     30 ≤ year \< 40       149 (26.0)     153 (22.7)     177 (25.7)     186 (26.6)     \< 0.0001
                                     40 ≤ year \< 50       139 (22.7)     170 (26.3)     218 (30.0)     238 (32.6)     
                                     50 ≤ year \< 60       147 (18.8)     202 (25.9)     210 (24.6)     202 (22.8)     
                                     60 ≤ year \< 70       230 (15.7)     224 (14.8)     202 (12.4)     212 (12.7)     
                                     70 ≤ year             286 (16.8)     203 (10.3)     143 (7.3)      114 (5.3)      
                Household income                                                                        \< 0.0001      
                                     Low                   344 (27.7)     202 (14.9)     178 (13.0)     134 (9.0)      
                                     Low--Middle           249 (25.6)     263 (28.4)     263 (27.0)     198 (20.9)     
                                     Middle--High          193 (25.4)     261 (30.7)     283 (33.6)     294 (33.0)     
                                     High                  165 (21.4)     226 (26.0)     226 (26.4)     326 (37.2)     
                Education                                                                               \< 0.0001      
                                     Above high school     457 (41.4)     375 (34.1)     305 (27.3)     264 (24.3)     
                                     Below high school     370 (58.6)     469 (65.9)     533 (72.7)     580 (75.7)     
                Alcohol intake^\*^                                                                      0.7551         
                                     ≥ 1--2 serving/day    179 (22.1)     199 (24.6)     204 (23.2)     188 (22.6)     
                                     \< 1--2 serving/day   772 (77.9)     753 (75.4)     746 (76.8)     764 (77.4)     
                Physical activity                                                                       0.5185         
                                     Active                468 (46.1)     459 (46.5)     475 (46.7)     501 (49.7)     
                                     Non-active            483 (53.9)     493 (53.5)     475 (53.3)     451 (50.3)     
                Smoking status                                                                          0.0675         
                                     Smoker                654 (70.1)     616 (68.1)     594 (63.7)     606 (65.5)     
                                     Non-smoker            297 (29.9)     336 (31.9)     356 (36.3)     346 (34.5)     
  Women (No.)   1,317                1,317                 1,317          1,316                                        
                Age                  52 ± 0.5              51.3 ± 0.5     50.4 ± 0.5     48.9 ± 0.4     \< 0.0001      
                                     30 ≤ year \< 40       333 (29.9)     297 (26.2)     279 (23.1)     297 (25.1)     \< 0.0001
                                     40 ≤ year \< 50       228 (22.3)     259 (24.8)     321 (29.5)     351 (32.7)     
                                     50 ≤ year \< 60       200 (16.1)     272 (21.3)     287 (23.0)     304 (22.6)     
                                     60 ≤ year \< 70       240 (13.3)     256 (14.5)     244 (13.9)     242 (13.0)     
                                     70 ≤ year             316 (18.4)     233 (13.3)     186 (10.5)     122 (6.7)      
                Household income                                                                        \< 0.0001      
                                     Low                   423 (26.6)     327 (18.1)     287 (18.5)     231 (14.3)     
                                     Low--Mid              339 (28.1)     358 (28.8)     350 (25.8)     330 (26.7)     
                                     Mid--High             313 (25.5)     335 (28.9)     351 (28.7)     352 (29.4)     
                                     High                  242 (19.8)     297 (24.3)     329 (27.0)     403 (29.6)     
                Education                                                                               \< 0.0001      
                                     Above high school     624 (47.7)     628 (47.1)     591 (44.4)     475 (34.8)     
                                     Below high school     495 (52.3)     531 (52.9)     580 (55.6)     685 (65.2)     
                Alcohol intake^\*^                                                                      0.3693         
                                     ≥ 1--2 serving/d      56 (5.5)       47 (3.7)       45 (4.3)       47 (4.5)       
                                     \< 1--2 serving/d     1,261 (94.5)   1,270 (96.3)   1,272 (95.7)   1,269 (95.5)   
                Physical activity                                                                       0.9762         
                                     Active                591 (45.9)     608 (46.4)     592 (45.5)     617 (46.4)     
                                     Non-active            726 (54.1)     709 (53.6)     725 (54.5)     699 (53.6)     
                Smoking status                                                                          \< 0.0001      
                                     Smoker                145 (11.6)     98 (8.8)       64 (5.8)       95 (7.9)       
                                     Non-smoker            1,172 (88.4)   1,219 (91.2)   1,253 (94.2)   1,221 (92.1)   

Values are presented as mean ± standard error or number of frequency (%). For men Q1: factor score \< −0.0135, Q2: −0.0135 ≤ factor score \< 0.0009, Q3: 0.0009 ≤ factor score \< 0.0187, and Q4: 0.0187 ≤ factor score; for women, Q1: factor score \< -0.0199, Q2: −0.0199 ≤ factor score \< −0.0093, Q3: −0.0093 ≤ factor score \< 0.0052, and Q4: 0.0052 ≤ factor score. The p values are from analysis of variance for continuous variables and Rao-Scott chi-square test for categorical variables for assessing the trend of difference among quartiles.

^\*^A serving size of alcohol intake: one cup (50 cc) of soju or one glass of beer (200 cc), "≥ 1--2 serving/d" corresponds to ≥ 2 serving/day for men and ≥ 1.5 servings/day for women, "\< 1--2 serving/d" corresponds to \< 2 serving/day for men and \< 1.5 servings/day for women.

Anthropometric and biochemical indicators according to VF quartile are shown in [Table 5](#T5){ref-type="table"}. Both men and women in the higher VF quartile had higher body weight, height, and ALM values than those in the lowest VF quartile. BMI increased with increasing VF pattern score in men (p = 0.0089) but the change in BMI by VF quartile did not reach statistical significance in women (p = 0.0769). In women, the change in waist circumference among VF quartiles appeared to be significant but the mean value of waist circumference was not parallel to the order of VF quartiles. While systolic blood pressure tended to decrease at lower VF quartiles in both men (p = 0.0080) and women (p \< 0.0001), diastolic blood pressure did not differ across VF quartiles in all subjects. Women in the higher VF quartile tended to have lower total blood triglyceride (p = 0.0033) and cholesterol (p = 0.0352) levels. In contrast, the mean total triglyceride and cholesterol values did not differ significantly across the quartiles. The change in fasting blood glucose did not differ significantly among VF quartiles in all subjects.

###### Anthropometric and biochemical indicators and energy intake according to the quartiles of vegetables and fish pattern scores

![](cnr-8-1-i005)

  Groups        Q1                                          Q2                           Q3                Q4                p                                   
  ------------- ------------------------------------------- ---------------------------- ----------------- ----------------- ----------------- ----------------- -----------
  Men (No.)     951                                         952                          950               952                                                   
                Anthropometric and biochemical parameters                                                                                                        
                                                            BMI (kg/m^2^)                23.4 ± 0.1        23.8 ± 0.1        24.0 ± 0.1        24.0 ± 0.1        0.0089
                                                            Weight (kg)                  66.1 ± 0.4        67.6 ± 0.4        69.0 ± 0.4        69.5 ± 0.4        \< 0.0001
                                                            Height (cm)                  167.8 ± 0.2       168.3 ± 0.3       169.6 ± 0.2       170.0 ± 0.2       \< 0.0001
                                                            WC (cm)                      83.7 ± 0.4        84.3 ± 0.3        84.6 ± 0.3        84.5 ± 0.3        0.3403
                                                            SBP (mmHg)                   124.1 ± 0.7       122.2 ± 0.7       121.4 ± 0.6       121.4 ± 0.6       0.0080
                                                            DBP (mmHg)                   80.5 ± 0.4        79.9 ± 0.5        80.3 ± 0.4        80.8 ± 0.4        0.3836
                                                            Triglycerides (mg/dL)        163.7 ± 5.8       169.9 ± 5.7       160.0 ± 5.4       159.5 ± 6.1       0.1539
                                                            Total cholesterol (mg/dL)    191.3 ± 1.4       190.6 ± 1.3       190.9 ± 1.4       188.8 ± 1.4       0.5037
                                                            Fasting glucose (mg/dL)      101.3 ± 0.9       101.6 ± 1.0       98.9 ± 0.7        100.5 ± 0.9       0.1721
                                                            ALM (kg)                     20.9 ± 0.1        21.5 ± 0.1        22.1 ± 0.1        22.3 ± 0.1        \< 0.0001
                                                            SMI                          0.8939 ± 0.0048   0.9049 ± 0.0046   0.9255 ± 0.0044   0.9332 ± 0.0045   \< 0.0001
                Energy intake                                                                                                                                    
                                                            Energy (kcal)                1,784.4 ± 22.5    1,978.7 ± 21.3    2,183.3 ± 21.1    2,519.0 ± 21.6    \< 0.0001
                                                            Carbohydrate (% of energy)   68.6 ± 0.5        69.0 ± 0.5        66.5 ± 0.5        64.4 ± 0.5        \< 0.0001
                                                            Fat (% of energy)            14.9 ± 0.3        14.3 ± 0.3        15.9 ± 0.3        17.4 ± 0.3        \< 0.0001
                                                            Protein (% of energy)        12.3 ± 0.1        13.4 ± 0.1        14.5 ± 0.1        15.9 ± 0.2        \< 0.0001
  Women (No.)   1,317                                       1,317                        1,317             1,316                                                 
                Anthropometric and biochemical parameters                                                                                                        
                                                            BMI (kg/m^2^)                23.3 ± 0.1        23.4 ± 0.1        23.6 ± 0.1        23.3 ± 0.1        0.0769
                                                            Weight (kg)                  56.3 ± 0.3        57.0 ± 0.3        57.8 ± 0.3        57.3 ± 0.3        0.0012
                                                            Height (cm)                  155.4 ± 0.2       156.0 ± 0.2       156.4 ± 0.2       156.9 ± 0.2       0.0001
                                                            WC (cm)                      78.7 ± 0.3        79.1 ± 0.3        79.5 ± 0.4        78.3 ± 0.3        0.0286
                                                            SBP (mmHg)                   119.1 ± 0.6       119.2 ± 0.6       117.8 ± 0.7       115.5 ± 0.6       \< 0.0001
                                                            DBP (mmHg)                   74.8 ± 0.3        75.5 ± 0.3        74.7 ± 0.4        74.5 ± 0.4        0.2918
                                                            Triglycerides (mg/dL)        124.8 ± 3.1       117.8 ± 2.4       114.1 ± 2.5       110.0 ± 2.3       0.0033
                                                            Total cholesterol (mg/dL)    191.8 ± 1.1       194.3 ± 1.2       189.0 ± 1.1       190.4 ± 1.1       0.0352
                                                            Fasting glucose (mg/dL)      96.3 ± 0.5        95.9 ± 0.6        97.4 ± 0.8        95.1 ± 0.6        0.1697
                                                            ALM (kg)                     14.1 ± 0.1        14.2 ± 0.1        14.5 ± 0.1        14.4 ± 0.1        0.0002
                                                            SMI                          0.6120 ± 0.0032   0.6128 ± 0.0032   0.6181 ± 0.0028   0.6259 ± 0.0030   0.0287
                Energy intake                                                                                                                                    
                                                            Energy (kcal)                1,311.9 ± 13.7    1,483.0 ± 13.2    1,676.1 ± 13.2    1,904.6 ± 13.2    \< 0.0001
                                                            Carbohydrate (% of energy)   72.2 ± 0.4        73.1 ± 0.3        72.0 ± 0.3        69.9 ± 0.3        \< 0.0001
                                                            Fat (% of energy)            14.5 ± 0.3        13.9 ± 0.2        14.8 ± 0.2        16.5 ± 0.2        \< 0.0001
                                                            Protein (% of energy)        12.4 ± 0.1        13.3 ± 0.1        14.0 ± 0.1        15.5 ± 0.2        \< 0.0001

Values are presented as mean ± standard error. Percent intake from total energy intake, for men, Q1: factor score \< −0.0135, Q2: −0.0135 ≤ factor score \< 0.0009, Q3: 0.0009 ≤ factor score \< 0.0187, and Q4: 0.0187 ≤ factor score; for women, Q1: factor score \< -0.0199, Q2: −0.0199 ≤ factor score \< −0.0093, Q3: −0.0093 ≤ factor score \< 0.0052, and Q4: 0.0052 ≤ factor score. The p values are from analysis of variance for assessing the trend of difference among quartiles.

WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALM, appendicular lean body mass; SMI, skeletal muscle index.

Total energy intake increased with increasing VF quartile ([Table 5](#T5){ref-type="table"}). As expected, the values of energy-producing nutrient, carbohydrates, fat, and protein intake paralleled the amount of total energy intake throughout the quartiles (data not shown). The intake ratio of energy from carbohydrates to total energy at the lowest VF quartile in men and women were 68.6% and 72.2%, respectively but decreased to 64.4% and 69.9% at the highest quartile (p \< 0.0001). The highest VF quartile had a higher intake ratio of fat to total energy compared to that of the lower quartiles (p \< 0.0001). The intake ratios of protein to the total energy in Q1 were 12.3% and 12.4% for men and women, respectively, and increased to 15.9% and 15.5%, respectively, in the highest VF quartile.

Estimation of change in skeletal muscle mass according to the dietary pattern score
-----------------------------------------------------------------------------------

We examined the association of VF pattern score with the sarcopenia index by incorporating age and BMI as covariates in the linear regression model. The subjects in the highest VF quartiles had a higher SMI than those in the reference group (the lowest VF quartile) (p \< 0.0001) ([Table 6](#T6){ref-type="table"}). When total energy intake was further adjusted in the regression model, the change in skeletal muscle compared to the reference group gradually increased with increasing quartile. We also designed sex-specific models by adjusting for household income, education, and systolic blood pressure for men and further adjusting for smoking status, waist circumference, total triglycerides, and total cholesterol for women based on the characteristics of subjects according to the quartile of dietary pattern scores. No significant change in skeletal muscle was observed in women while the coefficient of change in SMI increased up to 4-fold with increasing VF quartile in men. Analysis of the main food groups belonging to the VF pattern showed that neither vegetables nor fish was significantly associated with the change of skeletal muscle (data not shown).

###### Estimated change of skeletal muscle mass according to the quartile of dietary pattern scores
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  Models      Men           Women                                      
  ----------- ------------- ----------- ------------------------------ ---------------------------
  Model I                                                              
              R2            0.2826      0.3248                         
                            Q1          Ref.                           Ref.
                            Q2          0.0117 (−0.0001, 0.0235)^\*^   0.0014 (−0.0093, 0.012)
                            Q3          0.0294 (0.0181, 0.0407)^‡^     0.0110 (0.0004, 0.0215)
                            Q4          0.0357 (0.0238, 0.0477)^‡^     0.0100 (−0.0016, 0.0215)
              p for trend   \< 0.0001   0.1074                         
  Model II                                                             
              R2            0.2869      0.3326                         
                            Q1          Ref.                           Ref.
                            Q2          0.0071 (−0.0045, 0.0188)       −0.0018 (−0.0128, 0.0091)
                            Q3          0.0198 (0.0083, 0.0313)^‡^     0.0043 (−0.0071, 0.0157)
                            Q4          0.0175 (0.0042, 0.0308)^‡^     −0.0005 (−0.0138, 0.0128)
              p for trend   0.0052      0.7115                         
  Model III                                                            
              R2            0.2990      0.3552                         
                            Q1          Ref.                           Ref.
                            Q2          0.0029 (−0.0094, 0.0152)       0.0000 (−0.0116, 0.0117)
                            Q3          0.0163 (0.0042, 0.0283)^†^     0.0022 (−0.0094, 0.0137)
                            Q4          0.0098 (−0.0042, 0.0238)       −0.0016 (−0.0154, 0.0121)
              p for trend   0.0399      0.9382                         

Beta coefficient with 95% confidence interval was shown. Model I: adjusted for age and body mass index, Model II: Model I + energy intake, Model III: Model II + household income, education, systolic blood pressure for men, Model II + household income, education, systolic blood pressure, waist circumference, total blood triglyceride, total cholesterol for women. For men, Q1: factor score \< −0.0135, Q2: −0.0135 ≤ factor score \< 0.0009, Q3: 0.0009 ≤ factor score \< 0.0187, and Q4: 0.0187 ≤ factor score; for women, Q1: factor score \< −0.0199, Q2: −0.0199 ≤ factor score \< −0.0093, Q3: −0.0093 ≤ factor score \< 0.0052, and Q4: 0.0052 ≤ factor score.

^\*^p \< 0.05, ^†^p \< 0.01, ^‡^p \< 0.001 compared to reference quartile (Q1) within same sex.

DISCUSSION
==========

This study identified three dietary patterns, VF, FEM, and RK, by factor analysis. Of these patterns, VF was the main factor in factor analysis for all subjects and in factor analyses for men and women separately. The VF pattern was associated with increased skeletal muscle mass only in men. This association remained after adjusting for confounders including age, household income, education, BMI, total energy intake, and systolic blood pressure, indicating that the association was independent of these covariates. The VF pattern was not significantly associated with skeletal muscle mass in women, suggesting the presence of sex differences in changes in skeletal muscle mass in relation to diet.

The foods which belonged to the VF pattern with positive loadings included vegetables, fish, whole grains, potatoes, nuts, and fruits. In contrast, meats and alcohols had negative loadings in this pattern (data not shown). The amount of consumption of the food groups with positive factor loadings increased according to increasing VF quartile. Therefore, the main food composition of the VF pattern in this study was like that of other diets which have been reported as healthy \[[@B24][@B35][@B36][@B37][@B38]\]. For example, the Mediterranean diet, mainly composed of vegetables, fruits, and plant oils with moderate intake of fish and low intake of animal foods including meat, saturated fat, and dairy, has shown several health benefits \[[@B36][@B37][@B38]\]. In addition, the diet approach to stop hypertension contains many plant-based foods with low consumption of red meats and animal fat \[[@B39]\]. In line with these findings, the average systolic blood pressure value decreased with increasing VF pattern score in both men and women in the present study. Although the Cronbach\'s alpha coefficient was low (data not shown), the high factor loadings of seasonings in the VF pattern was likely due to the fact that vegetables are often consumed with sauces or dressing rather than as a raw food without seasoning. Seasonings made from soybean or herbs may have bioactive nutrients and synergistic effects with vegetables on health outcome. In addition, subjects with high VF pattern scores tended to comply with ideal diet patterns with proper energy distributions (carbohydrate: protein: fat), which might contribute to the beneficial relationship between VF pattern and skeletal muscle mass in this study.

Based on the many health benefits of plant-based diets and fish consumption, recent studies showed that a diet containing VF or related food items was positively associated with skeletal muscle health \[[@B25][@B26][@B27][@B40]\]. A healthy diet pattern composed of vegetables, legumes, and whole grain was positively associated with lower limb muscle strength in Australian women aged 60 years and older \[[@B40]\]. Fish consumption was associated with increased grip strength in UK women aged 59 to 73 years \[[@B27]\]. Mediterranean diet scores were positively associated with fat-free mass in UK women \[[@B25]\], but the study did not find any significant association between a single food group (vegetables, fish, or fruits) and skeletal muscle mass or strength. The effects of diets mainly composed of VF on skeletal muscle in previous studies are similar to the results of the present study that the VF pattern was positively associated with skeletal muscle in men but a single food item which belonged to the VF pattern was not associated with skeletal muscle mass (data not shown). Our recent study also reported a significant association between total energy intake and increased skeletal muscle mass in Korean men but no association between a single major nutrient and skeletal muscle mass \[[@B17]\]. Taken together, the VF pattern, as a combined approach for a healthy diet rather than its individual food or single nutrient, had a positive effect on skeletal muscle mass.

Although our findings are concordant with those of previous studies showing a positive relationship between the VF pattern and skeletal muscle mass, the lack of association between the dietary pattern and skeletal muscle mass in women in our study differs from previous findings. A study including Iranian subjects found no association between the Mediterranean diet pattern and skeletal muscle mass or the prevalence of sarcopenia in either men or women \[[@B36]\]. Other previous studies including women demonstrated a positive effect of vegetable-oriented diets on skeletal muscle health \[[@B25][@B27][@B40]\]. Our previous study showed an association between skeletal muscle mass and total energy intake in both men and women, but the association was more pronounced in men than that in women \[[@B17]\] and a study including Chinese adults reported more favorable beneficial effects of a Mediterranean diet on skeletal muscle mass in men than those in women \[[@B26]\]. Except for two studies conducted on Korea \[[@B17]\] and China \[[@B26]\], most studies on the relationship between diet pattern and skeletal muscle health included only subjects at least 59 years of age. Because age and body mass are strong determinants of skeletal muscle mass, the younger subjects in the present study had ethnically different anthropometric conditions compared to those of previous studies \[[@B25][@B27][@B40]\], which may reveal different results. Another explanation for the differences is that the carbohydrate consumption of the subjects in this study was greater than 65% of the total energy intake even at the highest VF quartile and women tended to have a higher energy intake from carbohydrates compared to that in men. Carbohydrate intake is closely related to the risk of metabolic dysfunction such as dyslipidemia, diabetes, and obesity, which are significant confounders for skeletal muscle mass \[[@B34][@B41][@B42]\]. In the present study, the changes in metabolic parameters such as waist circumference, total triglyceride, and cholesterol by VF quartile were larger in women than those in men, which may explain the lack of association between the VF pattern and skeletal muscle mass in women. Furthermore, studies on the relationship between diet patterns and health outcome have consistently reported heterogeneous health behaviors and diets of women when defining women-specific dietary pattern \[[@B20][@B24]\]. Also, fruit was not included in the VF patterns in this study. Therefore, isolating the distinctive effect of VF pattern on skeletal muscle mass may be challenging in women.

To our knowledge, this is the first study to use a nationwide survey to investigate the associations between dietary patterns and skeletal muscle mass in Koreans including both younger (30s and 40s) and older (50 years and older) adults, while previous studies mostly focused on older adults \[[@B1][@B10][@B17]\]. Previous studies have assessed the relationship between nutrition or diet and changes in skeletal muscle mass by comparing the prevalence of an extreme status such as a substantial loss of muscle mass which has already occurred \[[@B4][@B7][@B36]\]. Especially in healthy populations, sarcopenia is usually a gradual process and the gain or loss of skeletal muscle mass may take a few months to years \[[@B1][@B29]\]. Hence, assessing changes in skeletal muscle mass rather than the ratio of sarcopenia or non-sarcopenia is a reliable method to identify factors affecting skeletal muscle health. Moreover, our findings have clinical relevance as the scale of association of the VF pattern with skeletal muscle was up to 4.6-fold higher the loss of skeletal muscle per year after accounting for covariates (data not shown). Subjects with higher adherence to the VF pattern may also have a healthy lifestyle; although lifestyle factors were adjusted, residual confounders cannot be ruled out, especially with 24-hour recall data. Therefore, these findings require replication in a different pattern analysis such as index or cluster analysis \[[@B20]\]. The health benefits of vegetable-oriented diets engage various mechanisms such as anti-inflammatory and anti-oxidative properties and microbiome changes \[[@B19][@B43][@B44]\]; however, those mechanisms are rarely evaluated in population-based studies. Thus, markers that can explain the specific mechanisms for the association between diet and skeletal muscle health require further investigation.

The dietary patterns identified by factor analysis were positively associated with skeletal muscle mass in Korean men but not women. The results of this study suggest that a healthier dietary pattern focused on VF intake may help to increase skeletal muscle mass in men. These findings can be used to develop diet guidelines for public health perspectives and to plan dietary intervention trials for skeletal muscle health.

CONCLUSION
==========

This study performed diet pattern analysis to investigate the effect of certain diets on skeletal muscle mass. Three dietary patterns, VF, FEM, and RK were identified and the VF pattern commonly appeared in factor analyses for men and women separately. The level of skeletal muscle mass increased with increasing the quartile of VF scores in Korean men after adjusting for age, household income, education status, BMI, total energy intake, and systolic blood pressure. However, no association was found between VF quartiles and skeletal muscle mass in women. These results highlight that the healthy diet pattern characterized by VF is beneficial for increasing skeletal muscle mass independent of body size and total energy intake. Though the results require validation in different types of pattern analyses, separate consideration for men and women is warranted to assess the relationship between diet and skeletal muscle mass.
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